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STEERABLE CATHETER 

FIELD OF THE INVENTION 

[0001]The present invention relates generally to steerable catheters, and 
more specifically to steerable electrophysiology catheters for use in mapping 
and/or ablation of accessory pathways in myocardial tissue of the heart wall. 

BACKGROUND OF THE INVENTION 

[0002] Many elongated medical devices are known that are inserted through 
an access pathway into a body vessel, organ or cavity to locate a therapeutic 
or diagnostic distal segment of the elongated medical device into alignment 
with an anatomic feature of interest. For example, catheters, introducers and 
guide sheaths of various types, drainage tubes, and cannulae are available 
that extend from outside the body through an access pathway to a site of 
interest and provide a lumen through which fluids, materials, or other 
elongated medical devices are introduced to the site or body fluids are drained 
or sampled from the site. 

[0003] Such elongated medical devices must have flexibility to navigate the 
twists and turns of the access pathway, sufficient column strength in the 
proximal segment thereof to be pushed through the access pathway alone or 
over a guidewire or through a lumen, and the capability of orienting the distal 
segment and any electrodes or sensors or ports of the distal segment in a 
preferred alignment with an anatomical feature at the accessed site so that a 
diagnostic or therapeutic procedure can be completed. In general terms, the 
elongated medical device body must also resist kinking and be capable of 
being advanced through access pathways that twist and turn, sometimes 
abruptly at acute angles. 

[0004]The distal segments of such elongated medical devices frequently 
need to be selectively deflected or bent and straightened again while being 
advanced within the patient to steer the catheter body distal end into a desired 
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body lumen or chamber. Various steerable mechanisms have been disclosed 
to steer catheters and other elongated medical devices, e.g., steerable 
guidewires and stylets, that involving use of a deflection mechanism extending 
through a deflection lumen of the catheter body to an attachment point in the 
catheter body distal segment. Typically, elongated wires variously referred to 
as control lines or reins or deflection wires or traction wires or push-pull wires 
or pull wires (herein "deflection wires" unless otherwise specified), extending 
between a proximal control mechanism and the distal attachment point. More 
complex steerable catheters have two or more deflection lumens and 
deflection wires extending from the handle through the deflection wire lumens 
to different points along the length or about the circumference of the catheter 
body to induce bends in multiple segments of the catheter body and/or in 
different directions. The deflection lumens extend parallel to the central 
catheter body axis. In many cases, a handle is attached at the elongated 
catheter body proximal end, and the proximal end(s) of the deflection wire(s) 
is coupled to movable control(s) on the handle that the user manipulates to 
selectively deflect or straighten the distal segment and, in some cases, 
intermediate segments of the catheter body. 

[0005] Many versions of electrophysiology (EP) catheters have been disclosed 
that are designed to perform mapping and/or ablation of cardiac tissue to 
diagnose and treat abnormal tissue that induces or sustains cardiac 
arrhythmias and that employ deflectable distal and intermediate segments 
controlled by deflection wire mechanisms. During an EP ablation or mapping 
procedure, the guide catheter must be maneuvered through a patient's 
branched vasculature to advance an EP device into a patient's coronary sinus. 
The steerable distal end of the guide catheter is used to orient the distal tip of 
the EP device with respect to tissue, such as a patient's endocardium, to 
facilitate proper delivery of the device's RF or ablation energy to the tissue. 
Highly complex shapes are sometimes found necessary to encircle a 
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pulmonary vein orifice, for example, to ablate the left atrial wall tissue to 
interrupt arrhythmic pathways. 

[0006] There remains a need for an ergonomic handle incorporating an 
effective and easy to use deflection mechanism. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The following drawings are of particular embodiments of the invention 
and therefore do not limit its scope, but are presented to assist in providing a 
proper understanding of the invention. The drawings are not to scale (unless 
so stated) and are intended for use in conjunction with the explanations in the 
following detailed description. The present invention will hereinafter be 
described in conjunction with the appended drawings, wherein like numerals 
denote like elements, and: 

[0008] FIG. 1 is a perspective view of an EP mapping and/or ablation catheter 
according to one embodiment of the present invention; 
[0009] FIG. 2 is an enlarged plan view of one side of the handle of the EP 
catheter of FIG. 1; 

[0010] FIG. 3 is an enlarged plan view of another side of the handle of the EP 
catheter of FIG. 1; 

[0011] FIGs. 4A-B are cross-section views taken along section line 4 - 4 of 
FIG. 3; 

[0012] FIG. 5 is a perspective view of an interior of the handle of the EP 
catheter of FIG. 1; 

[0013] FIG. 6 is a perspective view of a rack arm component depicted in FIG 

5; 

[0014] FIG. 7 is a perspective view of an interior of a thumb wheel component 
depicted in FIG. 5; 

[0015] FIG. 8 is a perspective view of an exterior of the thumb wheel 
component shown in FIG. 7; 
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[0016] FIG. 9 is a perspective view of an exterior of another thumb wheel 
component adapted to mate with the thumb wheei component shown in FiGs. 
7 and 8; and 

[0017] FIG. 10 is an enlarged side view of the handle of the EP catheter of 
FIG. 1. 

DETAILED DESCRIPTION 

[001 8] The following detailed description is exemplary in nature and is not 
intended to limit the scope, applicability, or configuration of the invention in 
any way. Rather, the following description provides a practical illustration for 
implementing exemplary embodiments of the invention. 
[0019]The present invention is preferably embodied in a steerable catheter 
comprising an elongated catheter body having a deflectable catheter body 
distal segment and an economically shaped handle adapted to be grasped in 
use of the steerable catheter. A particular example of such a steerable 
catheter as described herein as an EP catheter 10 including an elongated 
catheter body 20 and a handle 40. However, it will be understood that the 
present invention can be practiced in other steerable catheters used to access 
a site in the body. 

[0020] As shown in FIG. 1, catheter body 20 extends between a catheter body 
distal end 26 and a catheter body proximal end located within a strain relief 28 
and includes a proximal segment 23 joined at a mutual junction with a 
deflectable distal segment 27. The proximal segment 23 has sufficient column 
strength and is capable of good torque transmission to permit controlled 
placement of distal segment 27 at a target site in a body. A deflection lumen 
12 (FIG. 5) extends from the proximal end to the distal segment 27 
accommodating an elongated deflection wire 21 extends from a wire distal 
end coupled to the catheter body distal segment 27 proximally to a wire 
proximal end within handle 40. 
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[0021] FIG. 1 further illustrates catheter body 20 supporting an ablation 
eiectrode 22 and one or more mapping electrodes 24 coupled to catheter 
body distal segment 27. It will be understood that electrical conductors are 
enclosed within catheter body 20, which extend from electrodes 22 and 24 
proximally through catheter body 20 and further extend through handle 40 to 
an electrical connector (not shown) included on handle 40. According to one 
embodiment, catheter body 20 has a uniform outside diameter of about 0.052 
inch (1.32 mm) to 0.1040 inch (2.64 mm) and a length of about 50 cm to 110 
cm. The catheter body 20 can take any of the forms known in the art of 
steerable EP mapping and/or ablation catheters. 

[0022] According to one embodiment of the present invention, as illustrated by 
arrows in FIG. 1, a thumb wheel 50 of handle 40 (that is coupled to the 
deflection wire proximal end through a rack arm 30 as shown in FIGs. 4A and 
5) is rotated from a neutral position to pull deflection wire 21 and induce a J- 
shape bend in the off-axis direction (illustrated in broken lines). It will be 
understood that thumb wheel 50 may also be rotated in an opposite direction 
to push the deflection wire 21 inducing a less pronounced curve or bend in the 
push direction opposite to the pull direction (illustrated in broken lines). Thus, 
the deflection wire 21 can be a push-pull wire as illustrated or simply can 
function as a pull wire. 

[0023] As shown in FIGs. 1 and 5, handle 40, which is adapted for ergonomic 
handling of the steerable catheter 10, extends from a handle proximal end 46 
to a handle distal end 48 along a longitudinal axis 10. According to the 
illustrated embodiment, strain relief 28 enclosing the catheter body proximal 
end is received within a bore of the handle distal end 48 substantially aligning 
handle axis 10 with a longitudinal axis of the catheter body 20; a conical fitting 
25 fits over and entraps a proximal portion of the strain relief 28. An electrical 
connector for making connection with a cable can be formed at handle 
proximal end 46. 
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[0024] FIGs. 2 and 3 illustrate handle 40 formed of a first handle body portion 
42 joined to a second handie body portion 44 extending between handle 
proximal end 46 and handle distal end 48, according to one embodiment of 
the present invention; according to alternate embodiments handle body 
portions 42 and 46 are integrally formed. FIGs. 2 and 3 further illustrate 
handle 40 including first and second major sides 43 and 45 and first and 
second minor sides 47 and 49; rotatable thumb wheel 50 is supported by the 
handle 40, intermediate first and second major sides 43 and 45, wherein a 
first exposed thumb wheel section including serrations 52 and an indentation 
56 extends through a first thumb wheel window 57 in first minor side 47 and a 
second exposed thumb wheel section also including serrations 54 and an 
indentation 58 extends through a second thumb wheel window 59 in the 
second minor side 49. According to alternate embodiments, thumb wheel is 
exposed on a single side through a single window. According to embodiments 
of the present invention, thumb wheel 50 is adapted to be rotated about a 
thumb wheel axle (82 and 84, FIGs. 4A-B), extending transversely to the axis 
10 of the handle 40, from a neutral position to a selected pull or retracted and 
a push or advanced position. 

[0025] FIGs. 4A-B, and 7 - 9 illustrate thumb wheel 50 including first and 
second thumb wheel sidewalls 90 and 100 to be joined together along a plane 
substantially perpendicular to a thumb wheel axis 14 (FIG. 7), according to 
one embodiment of the present invention. As shown in FIGs. 4A, 5 and 7, 
second thumb wheel sidewall 100 includes a central axis bore 108 about 
which first and second concentric, internal axial extensions or rings 104 and 
106 are formed. According to an embodiment of the present invention, as 
illustrated in FIG. 7, first internal axial extension 104 is formed with the 
outwardly extending teeth of a pinion gear 110. As further illustrated in FIG. 7, 
an arcuate opening 112 is formed through wheel sidewall 100 extending 
alongside the pinion gear 110. An O-ring boss 105 is formed around an 
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outward extension of the first internal axial extension 104 as shown in FIG. 8. 
An outer rim 102 of the wheel sidewal! 100 is substantially at the same height 
as second internal axial extension 106 except for a notch 114A, which is 
substantially at the same height as the first internal axial extension 104, 
formed along a portion of the outer rim 102 as shown in FIG. 7. 
[0026] In a further aspect of the invention, a rack arm 30 depicted in FIGs. 4A, 
5 and 6 is coupled to the proximal end of the deflection wire 21 and 
cooperates with the pinion gear 110 of the second thumb wheel sidewall 100. 
Rack arm 30 includes an arm bar 32 that extends between a rack arm 
proximal end formed with teeth of a linear rack 34 and a rack arm distal end 
formed with runners 36 and 38 and a mechanism for attachment with the 
proximal end of the deflection wire 21. A distal handle segment 61 of handle 
40 is formed with an elongated linear track aligned substantially with the axis 
10 of the handle 40, the linear track defined by track sides 116 and 118 and 
adapted to receive runners 36 and 38 of rack arm 30; thus, according to 
embodiments of the present invention, rack arm 30 extends obliquely to 
handle axis 10 from runners 36 and 38 engaged in the track to linear rack 34 
engaging pinion gear 110. It will be understood that the interior of the first 
handle body portion 42 is also shaped having a linear track bounded by track 
sides. 

[0027] FIG. 6 further illustrates the distal end of the rack arm 30 H-shaped to 
define the runners 36 and 38 separated apart by bridge that incorporates an 
axially extending bore 70 for receiving the deflection wire 21 . Runners 36 and 
38 define four corner edges that engage the four track corners or sides 
formed in the first and second handle body portions 42 and 44. It will be 
understood that the runners and track can be shaped in a variety of ways 
without departing from the spirit and scope of the invention. 
[0028] As shown in FIGs. 4A and 9, the first thumb wheel sidewall 90, formed 
in a similar manner to second thumb wheel sidewall 100, including a central 
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axis bore 98, first and second concentric, internal axial extensions or rings 94 
and 96, respectively, an arcuate opening 91 and a notch (obscured in the 
view) that is formed along a portion of an outer rim 92 of wheel sidewall 90. It 
will be understood that a notch, not shown, formed along the edge of outer rim 
92 is aligned with the notch 114A shown in FIG. 7 to form a circumferentially 
extending slot 114, when the first and second wheel sidewalls 90 and 100 are 
assembled together, through which rack arm 30 extends (FIG. 4A). 
[0029] FIG. 4A further illustrates first internal axial extension 94 extending 
inwardly in alignment with, but spaced apart from, the first internal axial 
extension 104 that is formed with the outwardly extending teeth of a pinion 
gear 110. The central axis bore 98 is defined within the second internal axial 
extension 96. The second internal axial extension 96 extends inwardly as 
shown in FIG. 4A in alignment with and into engagement with the second 
internal axial extension 106. An arcuate opening 91 is formed through the 
wheel sidewall 90 extending alongside the first internal axial extension 96 that 
is aligned with the arcuate opening 112 when the first and second wheel 
sidewalls 90 and 100 are assembled together. 

[0030] As shown in FIGs. 4A-B and 5, the second wheel sidewall 100 is fitted 
into engagement with the second handle body portion 44 so that axle 84 
extends inwardly from second handle body portion 44 through central axis 
bore 108, and second wheel sidewall 100 rests against an O-ring 80. A guide 
88 extends inwardly from the second handle body portion 44 through the 
arcuate opening 112 so that a space is defined between the teeth of the 
pinion gear 110 and the guide 88. It will be understood the guide 88 bears 
against a matching guide that extends inwardly from the first handle body 
portion 42 and through the arcuate opening 99 of the first wheel sidewall 90. 
According to the illustrated embodiments, guide 88 and the matching guide, 
fitting through the arcuate openings 112 and 99, respectively, hold linear rack 
34 of rack arm 30 against pinion gear 110; according to alternate 
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embodiments, an internal feature of thumb wheel 50 may perform the same 
function. 

[0031] In a further aspect of the invention, a friction application mechanism is 
selectively engageable in use to apply force laterally to thumb wheel 50 
maintaining thumb wheel 50 in a selected position. The friction engaging 
mechanism includes a thumb slide 60 that can be retracted proximally within a 
thumb slide window 66 (FIG. 4A). The friction engaging mechanism extends 
in part through first major side 43 of first handle body portion 42 to apply force 
laterally to the thumb wheel 50 to maintain the thumb wheel 50 rotated into a 
selected position as described further below. 

[0032] In FIGs. 4A-B, it will be noted that O-ring 80 is fitted into a groove 
around an axle 84 that extends inwardly from the second handle body portion 
44. According to one embodiment, O-ring 80 functions as a resilient 
compressible member that is disposed between the thumb wheel 50 and the 
second handle body portion 44. O-ring 80 is compressed as the thumb wheel 
50 is pressed against it to inhibit movement of the thumb wheel 50. A thumb 
slide 62 of slide mechanism 60 extends through the friction window 66 formed 
through the first major side 43 of the first handle body portion 42 as shown in 
FIGs. 4A-B. Thumb slide 62 can be retracted proximally to apply force 
laterally to thumb wheel 50 to move it against and compress O-ring 80 to 
maintain thumb wheel 50 rotated into a selected position. 
[0033] According to the illustrated embodiment, thumb slide 62 is attached to 
an elongated ring 64 having an elongated opening through which inwardly 
extending first axle 82 extends. Thumb slide 62 and elongated ring 64 are 
normally disposed proximally as shown in FIGs. 2 and 4A allowing rotation of 
thumb wheel 50 about the transversely extending axis. A proximal portion 65 
of elongated ring 64 is thicker than a distal portion of elongated ring 64 so 
that, when thumb slide 62 is moved distally along window 66, the thickened 
proximal portion 65 is interposed between first wheel sidewall 90 and first 
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handle body portion 42 pressing second wheel sidewall 100 against O-ring 80. 
According to one embodiment interfacing surfaces of thickened proximal 
portion 65 and first wheel sidewall 90 include opposing tapers 650 to facilitate 
smooth movement of thumb slide 62. The compression of O-ring 80 frictionally 
retains the thumb wheel 50 in a desired rotary position to maintain a curve 
drawn in the catheter body distal segment 27 until thumb slide 62 is engaged 
to move ring 64 distally to the release position. In this way, thumb wheel 50 is 
fixed in a selected retracted or extended position or released to return to the 
neutral position. 

[0034] FIG. 4B further illustrates a threaded pin 76 extending, within thumb 
wheel axel 84 of second handle body portion 44, through central axis bore 
108 of second thumb wheel sidewall 100. Pin 76 engages a mating insert 760 
held within thumb wheel axis 82 of first handle body portion 42. According to 
one embodiment of the present invention, a depth to which pin 76 is engaged 
within insert 760 may be adjusted as means to adjust a gap, wherein O-ring 
80 is disposed, between second thumb wheel sidewall 100 and second 
handle body portion 44, thereby tuning a frictional force against which thumb 
wheel 50 is freely rotated along with the force required to retract thumb slide 
62 , which secures thumb wheel 50 in a selected position. 
[0035] FIG. 10 is an enlarged side view of handle 40 wherein a thumb wheel 
support segment 51 is illustrated intermediate a proximal grasping segment 41 
extending proximally to handle proximal end 46 and a distal handle segment 
61 extending distally to distal handle end 48. According to one embodiment of 
the present invention, proximal grasping segment 41 is adapted to be grasped 
between the fingers and the palm of the user so that the user's thumb can 
selectively engage the first and section exposed thumb wheel sections 52, 56 
and 54, 58 and/or the thumb slide 60. The handle grasping segment 41 is 
economically shaped having the first and second opposed major sides 43 
and 45 separated by the first and second opposed minor sides 47 and 49 
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whereby a handle thickness is defined by the width of the first and second 
minor sides 47 and 49. A minimum thickness is defined within handle 
grasping segment 41 between the handle proximal end 46 and the thumb 
wheel support segment 51. The handle thickness is gradually reduced distally 
from the handle proximal end 46 toward the thumb wheel support segment 51 
to the minimum thickness and is gradually reduced proximally from the thumb 
wheel support segment 51 toward the handle distal end 46 to the minimum 
thickness, thereby defining a narrowed waist W within the handle grasping 
segment 41 . In use, the handle grasping segment fits in the user's palm with 
the thumb wheel 50 aligned to the user's thumb and the narrowed waist W 
enhances the ergonomic feel of the handle 40. In selecting a material for 
handle body portions 42, 44 rigidity, toughness and dimensional stability over 
a relatively large area of handle 40 should be considered. 
[0036] In assembly, the strain relief 28 is fitted to the distal end of the second 
handle body portion 44, and the electrical conductors are routed through the 
distal segment 61, the wheel mounting segment 51, and the handle grasping 
segment 41 for attachment to electrical connector terminals. The O-ring 80 
and second wheel sidewall 100 are then fitted into the second handle body 
portion 44. The untrimmed deflection wire 21 may be passed through the 
bore 70. 

[0037] In one approach, the linear rack 34 is fitted between the pinion gear 
110 and the guide 88 with the teeth of linear rack 34 fitted into engagement 
with the teeth of the pinion gear 110. The runners 36 and 38 are at the same 
time inserted into the track defined by the track sides 116 and 118. The arm 
bar 32 then extends across the notch 114A and over the edge of the first 
internal axial extension 104. The second wheel sidewall 100 is rotated to 
move the runners 36 and 38 along the elongated guide track formed within the 
handle in substantial alignment with the axis 10 extending from an elongated 
guide track proximal end and an elongated guide track distal end. 
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[0038]The maximal axial proximal and distal movement of the runners 36 and 
38 within the track defined by the track sides 116 and 118 upon rotation of the 
second wheel sidewall 100 can be obtained by proper alignment of the teeth 
of the linear rack 34 with the teeth of the pinion gear 110. The first wheel 
sidewall 90 is then fitted over the second wheel sidewall 100 after proper 
alignment is obtained, so that the linear rack 34 is trapped within the 
assembled thumb wheel 50. 

[0039] In an alternative approach, the first wheel sidewall 90 can be fitted to 
the second wheel sidewall 100 with the linear rack 34 located inside the first 
and second wheel sidewalls 90 and 100. The assembly can then be mounted 
to the second handle body portion 44 by fitting the teeth of the linear rack 34 
into engagement with the teeth of the pinion gear 110. The assembly is then 
fitted over the axle 84 and the runners 36 and 38 are inserted into the track 
defined by the track sides 116 and 118. 

[0040] At this point, the deflection wire 21 extends through the axial bore 70 
through the distal end of the rack arm 30. A set screw 74 or the like extending 
through a threaded transverse screw bore 72 is tightened against the 
deflection wire 21 extending through the bore 70 to fix the deflection wire 21 to 
the distal end of the rack arm. The distally extending portion of the deflection 
wire 21 can then be trimmed. In selecting a material for rack 30, not only 
strength but properties facilitating incorporation of a threaded interface for set 
screw 74 should be considered. 

[0041]The friction engaging mechanism described herein above is then 
assembled to the first handle body portion 42. The assembly of the first 
handle body portion 42 and friction engaging mechanism is applied against 
the assembled push button 50 and the edge of the second handle portion 44 
to couple the first and second handle body portions 42 and 44 together. As 
shown in FIG. 4, an inwardly extending first axle 82 of the first handle body 
portion 42 extends through the bore 98 of the first wheel sidewall 90. Pin 76 
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is extended through the bore of the second axle 84 and into the bore of the 
first axle 82 and a cap 78 is fitted over the pin 76 to iock it in piace. The wheel 
50 is thereby supported to be manually grasped and rotated to move the 
linear rack 34 parallel to the handle axis 10 and the distal end runners 36 and 
38 along the guide track and push or pull the deflection wire 21 through the 
deflection lumen 12 to induce a bend within the catheter body distal segment 
27. 

[0042] A selection of materials, according to a preferred embodiment of the 
present invention, from which particular parts of handle 40 are formed, is 
presented in Table 1, wherein item numbers from the Figures are incorporated 
for reference. 



Table 1 . 



Part / item number 


Exemplary Material 


Handle body portions / 42, 44 


Polycarbonate 


Rack / 30 


Polyetherimide 


Set screw / 74 


Stainless Steel 


Wheel sidewalls / 90, 100 


ABS 


Thumb slide / 60 


Polycarbonate 


Elongated ring / 64 


Nylon 


O-ring / 80 


Teflon impregnated fluoroelastomer 



[0043] According to some embodiments of the present invention materials 
forming handle body portions 42, 44 and rack 30 should be dissimilar while 
having a substantially similar hardness for smooth passage, without gouging, 
of runners 36 along linear track defined by track sides 116 and 118. 
Additionally, according to some embodiments, a material forming elongated 
ring 64 should have a low coefficient of friction and be dissimilar to the 
material forming portions 42, 44 and thumb wheel sidewalls 90, 100. 



P-11191.00 



PATENT 



14 

Furthermore, according to some embodiments, a material forming O-ring 80 
should be compressibie with a iow coefficient of friction and not graze at 
interfaces with handle body portion 44 and thumb wheel sidewall 100. 
Finally, a material forming thumb slide is preferably the same as that forming 
handle body portions 42, 44. 

[0044] In addition to the materials listed in Table 1, a material providing 
superior tactile qualities to improve contact friction between handle 40 and a 
gloved hand of an operator may be included as a coating over outer surfaces 
of handle body portions 42, 44 and exposed outer surfaces of thumb wheel 
sidewalls 90, 100; an example of such a material is Styrene Ethylene 
Butadiene Styrene (SEBS) or Versaflex. 

[0045] It will be understood that certain of the above-described structures, 
functions and operations of the above-described preferred embodiments are 
not necessary to practice the present invention and are included in the 
description simply for completeness of an exemplary embodiment or 
embodiments. In addition, it will be understood that specifically described 
structures, functions and operations set forth in the above-referenced patents 
can be practiced in conjunction with the present invention, but they are not 
essential to its practice. It is therefore to be understood, that within the scope 
of the appended claims, the invention may be practiced otherwise than as 
specifically described without actually departing from the spirit and scope of 
the present invention. 



